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DEVICES AND METHODS FOR VAGUS NERVE STIMULATION 

TethniC " md L pres en, M- relate, . *P»» - -< h <" 
eleCnca.ly-induced and pharmaceutic.,., pro.ooged cardiac The 
preS en, invention .s useful for cording heart beats aod escape from asy«o. 
, 0 l„g cardiac surgery. Toe present invention b partly ^.donng 
coronary bypass surgery when anastoma.ic formation * rcad,.y dtsrupted by 
beating heart. 



Background of the Invention 

Cardiop U .monary bypass (CPB) and chemtca. arrest us.ng 
ca,diop>egic scions bave tradrttocaHy provided surgeons with opn-n, 
operaUvecoodnmns^r^^ 

^ d h .s confuted to .echnica. success ,n .ncreasmgly c«pl« ^« 
su , E ,ca. operations. However. ,bere has been recent .merest .n pe- 
nary ^ry bypass surgery without e.thc, e^iopo.rn^ry b 
cardrop.eg.a. The q ua«,y of Ore disul anastomoses .s a pnn^ «~ 

2 Lu7fa.,urc rare of less than I*. This may rcflecta d.fference -n 

precision between off-pump CABG and 
Ahhough rhc benefits of avoiding extracorporeal e,rcu.a.,on and global 
>0 * beating heart procedures are important, they do not outwergb the 

performance of optimal coronary anastomoses. 

The key difference in the anas.omouc results between 
con ven,,ona, CABC and off-pump CABG (OPCAB, ,s 
elective asystole during construction of the distal anastomoses ■ J=£-~ 

J3 can be minimized dunng OPCAB procedures by mducng 

^ycardiabyadmimstenngbe.aadrer.rg.crc.ep.orb.ockcrs.-Kimccr^K.. 
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anaU oma«ic structures wh.le avonkng the necessity >~ 

and catdiop.egia. OA — I-* - £ C(A 

rcfcrcnC e -~ A _ ta achieved osing unil ^ ,c «~o 

15 impul scs and pharmaco.ogtca. soppre-n °f '^^^..ed herein by 

reference in Us enttrety. thai elect.ve Control xv . inhibilo r. 

i nonafrer — ^— £T£V, Wocker or 

. beta-ad,^ -X i ^Xlv" » integrated system ano 
w combinauons thereof. What .s requ.reo, 

-Ha. «... pn>v,de optimal e.ectnea. o( su , fici e„, 

Liae arrcsL cardiac qurescen, penods wrt. be 

durau on to a,.ow precise penance o, ^J'^Z are a.so 
^erse.y intend by escape beats M ~* ^nof-cation of the 
25 requ.red are eiectrostimu.auon devices * £ „ , y4gus nerve 

optima, position of an e.ectrode or senes of electrodes .eUhve S 
to induce asystoie. What is further required are LnTstet a 

UK efec.Hc pu.se to the nerve. ^' ^Z^ ^ — - 

U.atwmaHo^eC.A.echn.que.obe performed with ease andprects.on. 
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Any discussion of documents, acts, materials, devices, articles or the like 
which has been included in the present specification is solely for the purpose of 
providing a context for the present invention. It is not to be taken as an admission that 
any or all of these matters form part of the prior art base or were common general 
knowledge in the field relevant to the present invention as it existed before the priority 
date of each claim of this application. 
Summary of the Invention 

In a first aspect, the present invention provides a catheter device for delivering 
an electric pulse to a nerve, comprising a distal region and a proximal region, said 
distal region having a plurality of electrically independent expandable electrodes and 
an electrode expanding means, said proximal region having an electrical connecting 
means for applying an electric pulse to the expandable electrodes. 

In a second aspect, the present invention provides an endotracheal tube 
electrode device comprising an endotracheal tube having an inflatable means of 
expanding an electrode, and a plurality of electrically independent electrodes thereon 
so that each electrode contacts the tracheal wall when the means of expanding an 
electrode is inflated, and wherein the electrodes have means for connection to an 

electrical pulsing means. 

In a third aspect, the present invention provides an endotracheal tube electrode 
device comprising an endotracheal tube having a plurality of electrically independent 
electrodes thereon, so that each electrode contacts the tracheal wall when expanded, 
and wherein the electrodes have means for connection to an electrical pulsing means. 

in a fourth aspect, the present invention provides an nasogastric tube electrode 
device comprising a nasogastric rube having a plurality of electrically independent 
expandable electrode thereon, so that each electrode contacts a pharyngeal, 
esophageal, or gastric inner surface when the electrodes are expanded, and wherein 
the electrodes have means for connection to an electrical pulsing means. 

In a fifth aspect, the present invention provides a nasogastric tube electrode 
comprising a nasogastric tube having an inflatable means of expanding a plurality of 
electrically independent expandable electrodes attached to an inflatable collar so that 
when the collar is inflated, the electrodes contact an inner surface of an esophagus, 
and a means of supplying an electric pulse to the electrodes. 

Throughout this specification the word "comprise*, or variations such as 
"comprises" or -comprising", will be understood to imply the inclusion of a stated 
element, integer or step, or group of elements, integers or steps, but not the exclusion 
of any other element, integer or step, or group of elements, integers or steps. 
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The present invention solves the problems described above by 
providing a convenient apparatus for the application of an electrical pulse to the 
vagus nerve so as to arrest the heart beat in preparation for diagnostic or 

5 therapeutic medical or surgical procedures such as cardiac surgery. The 
apparatus directs an electrical pulse of optimized intensity and duration at a 
selected position along the nerve, and thereby induces cardiac quiescence. 
Spontaneous escape from asystole is prevented pharmacologically. The present 
invention, therefore, provides die apparatus and methods for the cardiac surgeon 

10 to induce a state of Controlled Intermittent Asystole (CIA), thereby greatly 
casing bypass surgery, significantly improving surgical quality and patient 
outcome. 

The apparatus of the present invention allows the determination of 
the optimum location for an electrode to apply an electric stimulus to the vagus 

IS nerve. The apparatus correlates the response of the heart to the electrical pulse 
and modifies the stimulus to achieve suppression of the heart beat and then 
administers an optimized electric pulse to the vagus nerve. Both for safety and to 
deliberately terminate asystole once the surgical procedure in the heart is 
completed, the apparatus includes a cardiac pacer to stimulate the heart to escape 

20 asystole when this is desired. 

The apparatus includes a multi -channel output means with at least 
one electrode linked to an electric pulse generator, and which will direct the 
electric pulse to the vagus nerve with efficiency and with minima] damage to the 
neural tissue. The electrodes are adjustable as to where they may be placed 

25 relative to the vagus nerve and offer various degrees of invasiveness. The 
electrodes of the present invention offer adaptability to the needs of the surgeon, 
variations in patient anatomy or physiology and the requirements of the cardiac 
surgical procedures being emploved. 

Accordingly, a preferred aim of the present invention is to provide an. 
30 apparatus that will permit the surgeon to apply a selected electric pulse stimulus to the 
vagus nerve so that asystole will be induced. 

It is a further preferred aim of the present invention to provide an apparatus 
that optimizes the electrical stimulus to the vagus nerve. 

It is yet a further preferred aim of the present inventing to provide electrodes 
35 for the direct or indirect application of an electrical stimulus to the \ 



-6- 



ft 



vagus nerve that minimizes damage to tissue while allowing the surgeon to 

determine the optima) location for the electrode. 

Yet another preferred aim of the present invention is to provide methods 

for the administering of an electrical stimulus to the vagus nerve ana a 
5 pharmaceutical composition that will resuJt in Controlled loterjninent Asystole. 

An advantage of the present invention is that it offers the surgeon 

an apparatus that integrates the means to electrically stimulate the vagus nerve 

with the means to determine whether the heart beat is suppressed and will 

automatically determine the optimum stimulation to the nerve. 
10 Another advantage of the present invention is the induction of a 

readily regulated and reliable state of asystole, greatly easing cardiac surgical 

procedures and comfort to the patient 

These and other features and advantages of the invention 

and preferred embodiments of the present invention will become apparent from 
15 the detailed description that follows. 

Brief Description of the Drawings 

Figure 1 is a schematic arrangement of the vagus nerve stimulator. All of 
20 the components of the stimulator arc shown as separate entities although it is 
envisaged that the interrogator, logic circuitry, the puke generator, the cardiac 
monitor and the cardiac pacer could be incorporated and integrated electrically 
and electronically as a single unit in any combination. 

Figure 2A shows a longitudinal section through an embodiment of the 
25 catheter wire or basket electrode device. Figure 2B shows a transverse section 
through the catheter device at the plane A- A* of Figure 2A. 

Figure 3 shows embodiments of catheter wire or basket electrode devices. 
Figure 3A shows a wire electrode. Figure 3B shows a wire electrode with 
arcuate ribs. Figure 3C shows a wire or basket electrode with circuroferentially 
30 arranged electrodes disposed on longitudinal non-conductive ribs. Figure 3D 
shows a helical wire electrode. Figure 3E shows a wire electrode wherein the 
expansion means is shape memory. 

Figure 4 shows embodiments of the inflatable balloon electrode device. 
Figure 4 A shows a balloon electrode with longitudinal electrodes. Figure 4B 
35 shows a balloon electrode with circumferential iy arranged electrodes. Figure 4C 
shows a balloon electrode with a helical electrode. Figure 4D snows a balloon 

4 
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electrode xvith a longitudinal electrode disposed on a longitudinal raised ridge. 
Figure 4E shows a transverse section through the embodiment of Figure 4D at the 
plane B-B\ Figure 4F shows a balloon electrode with longitudinal electrodes not 
fixed to the surface of the ballooo and united by a wire yoke. 
S Figures 5 A and B show longitudinal sections through a catheter umbrella 

electrode device. 

Figures 6A-D show embodiments of the clip electrode device. 
Figure 7A shows a wire mesh neural electrode. Figure 7B shows cuff 
ocuraJ electrode conforming to the shape of the nerve. Figure 7C shows a 
10 transverse section through the cuff electrode at plane C-C\ Figure 7D shows a 
cuff neural electrode with two separate electrodes. 

Figure 8A shows a pad embodiment of cutaneous electrode array. Figure 
8B shows a pad electrode with traversing hole to surround the neck. Figure RC 
shows an electrode with traversing bole to surround the neck. Figure 8D shows a 
\b cutaneous electrode in a necklace configuration. Figure 8E shows a cutaneous 
electrode in a turtleneck configuration. 

Figure 9A shows a tube balloon cleccrode device for insertion into the 
trachea or esophagus. Figure 9B shows a tube umbrella electrode device. Figure 
9C shows an alternate electrode device of the present invention. 

20 



Detailed Description and Preferred Embodiments 

The present invention provides devices and methods for achieving 

25 Controlled Intermittent Asystole by means of vagus nerve stimulation. While the 
purpose of the devices is for achieving Controlled Intermittent Asystole status by 
means of vagus nerve stimulation, the devices are not limited thereto, and it will 
be recognized thai various embodiments of the invention can be used to facilitate 
other medical or surgical procedures. 

30 The present invention provides apparatus for the regulated 

electrostimulation of the vagus nerve to induce a slate of asystole. The 
embodiments of the vagal nerve stimulator apparatus also include electrodes, 
catheters and electrode catheters suitable for applying a selected electrical pulse 
to the vagus nerve for the purpose of controlling cardiac rhythm. The apparatus 

35 include a pulse generator, a cardiac pacer and a cardiac monitoring means. The 
apparatus further comprises imcrrogaiive electronic circuitry and computer 

5 
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readable software .mended that will alios* the apparatus to determine the optima! 
position of an electrode for the delivery of an effective amount of neural 
electrostimulation to ancst the beating heart. The apparatus of the present 
invention also includes a cardiac simulator and control circulatory and switches 

to revive the heart. 

The present invention also provides methods for the induction of 
Controlled Intermittent Asystole (CIA) by means of the co-administration of an 
effective amount of a pharmaceutical composition compnstng an 
acetylcholinesterase inhibitor, a beta-adrenergic blocker and a calcium channel 
blocker and the elcctrostimulatory impulse that will arrest cardiac activity. 

Definitions 

The term "electrode" is used herein to mean any conductor used to 
establish electrical contact with an area of a human. Said area may be. but is not 
limited to. the surface of the skin, the .n.erior surface of a blood vessel. Ihe 
gastroeniological tract, the respiratory tract, or any other internal or external 

surface of the anatomy. 

The term "cardiac monitoring means * is used herein to mean any 
device that will measure the frequency or amplitude of ihe output of the heart. 
The outpu. parameters include, but are not limited to. the electrical output of the 
heart the pulse strength or its frequency, or systolic or diastolic blood pressure 
The "cardiac monitoring means" can be. but is not limited to. an 
electrocardiograph, a sphyngomctcr. a pulse detector or any other mechanical, 
electnc or electronic device known to one of skill in the art that will delect 
i cardiac activ.ty and iranslate said activity measurement to an electrical signal 

The term "cardiac pacer" is used herein to mean any device that 
will induce the heart to beat in a regular or intermittent manner. 

The term "electric pulse" is used herein, but is not limited to. a 
unipolar or b.polar pulse, wherein the unipolar pulse is between a single electrode 
0 implanted in. or s.tuated on. a patient, and an electrode electrically connected to 
the ground and wherein the bipolar pulse is between at least a pair of electrodes 
in or on the patient, with no electrode being directly grounded 

The lerms "electric pulse generator" and "pulse generator are 
used herein to mean any device or device* that will deliver an electric pulse of 
,5 preselected frequency and amplitude. The device will include electronic crcuitry 
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electrically linked lo variable switch means to regulate output voltage, frequency 
and amplitude of the current supplied. 

The term "means of supplymg an electric pulse** is used herein lo 
mean, but is not limited to an electrically conductive wire, strip or other means 
5 known to one of skill in the art. thai is electrically connected at one end to a 
source of electricity and at the other end to the site of delivery of the electricity, 
such as. but not limited to. an electrode. 

The terms "interrogator \ ' interrogative device" or "interrogative 
circuitry" arc used herein to mean any computer or electronic circuitry or device, 
to including computer readable software, thai will receive the signal for a cardiac 
monitoring means and adjust the electric pulse delivered by the pulse generator 
until the cardiac activity is temporarily, substantially or completely eliminated. 
The "interrogator" will also include circuitry to sequentially assign an output 
pulse from the pulse generator to at least one electrode of a plurality of 
15 electrodes. The interrogator also includes a logic circuit wherein it may integrate 
the cardiac monitoring means output, the pulse generator and the selected 
electrode. The pacer also, but not necessarily is electrically linked to the 
interrogator. The interrogator may be microprocessor based and include software 
to compare the signal from a cardiac monitoring means and regulate the output of 
20 the pulse generator and the cardiac pacer. 

The term "catheter" is used herein to mean any rube device that 
can be introduced into the body of a patient or animal through an orifice or 
incision thereof. The device includes, but is not limited to. an intravascular 
catheter, a tracheal catheter or tube, a nasogastric or esophageal tube or catheter 
25 or any other tube device that may be introduced into a human or animal. 

The term "manual switch" or "manually operable switch" is used 
herein to mean any switch device operable by foot, hand, voice, or any other 
means available to the surgeon during the course of surgery and that will override 
or supplement on automatic switch means such as but not limited to that provides 
30 by the interrogator unit. 

Pharmaceutical Compositions 

The terms "pharmaceutical Controlled Intermittent Asystole 
composition" or "CIA composition" are used herein to include, but are not 
35 limited to, pharmaceutical compositions capable of prolonging a state ol cardiac 
asystole. The pharmaceutical compositions comprise an acetylcholinesterase 

7 
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inhibitor selected from, bul not limited to. doncpezii hydrochloride, tacrine 
hydrochloride, pyridostigmine bromide, neostigmine mclhyJsulfaic, edrophonium 
chloride, physostigmine salicylate, a (J-adrcnegtc, receptor inhibitor selected 
from, bul not limited to. sotalol hydrochloride, timolol maleate, esmotol 
5 hydrochloride, carlcolol hydrochloride, propranolol hydrochloride, heiaxolol 
hydrochloride, pcnbutolol sulfate, metoprolol tartrate, accbutolol hydrochlonde. 
atenolol, metoprolol succinate, bisoprolol fumarate. and a calcium channel 
blocker selected from, but not limited to. nifedipine, verapamil hydrochloride, 
nicardipine hydrochloride, diltiazem hydrochloride, isradipinc. nimodipine. 
10 amlodipine besylaic, fclodipine. nifedipine, nisoldipine. and bepridil 
hydrochloride. In a preferred embodiment, the composition comprises an 
acetylcholinesterase inhibitor, a beta-adrenergic receptor inhibitor and a calcium 
channel blocker. In a more preferred embodiment of the present invention the 
composition comprises between about 0.1 mg/kg body weight to about 100 
15 mg/kg body weight of pyridostigmine. 0.01 mg/kg body weight to about 100 
mg/kg body weight of propanolol hydrochloride and between 0.001 mg/kg body 
weight and 1.0 mg/kg body weight of verapamil hydrochloride. Most preferably 
the pharmaceutical composition comprises 500 >ig/kg body weight of 
pyridostigmine, 80 u.g/kg body weight of propanolol hydrochloride and 50 ug/kg 
20 body weight of verapamil hydrochloride. 

The preferred method of administering the CIA composition to 
achieve CIA is as a slow bolus delivered intravenously over a 1-10 minute 
period. The CIA composition is given to establish a pharmacological 
background state in which subsequent vagus nerve electrostimulation causes 
25 CJA. The CI A composition may be maintained at effective blood concentrations 
in a human patient by slow continuous or intermittent infusion. Repeated bolus 
administration may be necessary in some patients. The effects of the CIA 
composition may be reversed chemically if necessary by intravenous 
administration of a drug chosen from, but not limited to. atropine sulfate. 
30 isoproterenol hydrochloride, and epinephrine hydrochloride. 

Abbreviations 

The following abbreviations are used in this description. CIA 
designates Controlled Intermittent Asystole. CABG designates Coronary Artery 
35 Bypass Grafting. CPB designates Cardiopulmonary Bypass. OPCAB designates 
Off Pump Coronary Artery Bypass Grafting, or coronary grafting without the use 

8 
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of cardiopulmonary bypass, synonymous with bcriin* heart bypass surgery. 
MIDCAB des.gnates Minimally Invasive Direct Coronary Artery Bypass 
Grafting, an off-pump grafting procedure, typically performed through a left 
thoracotomy. E-CABG designates Endoscopic Coronary Artery Bypass 
Crafting, i.e. CABG performed using endoscopic instruments inserted through 
small intercostal incisions, and in the absence of a sternotomy or formal 
thoracotomy. All embodiments of the invention may be used with pump-assisted 
or entirely off-pump procedures. 

Controlled intermittent asystole can be achieved by potentiation of 
vagal induced bradycardia by means of a pharmacological combination. The 
chronotropic effect of vagal nerve stimulation in the absence of pharmacological 
potentiation includes a very brief initial pause followed by "vagal escape" beats 
and transient bradycardia. Vagus nerve stimulation alone does not produce 
controlled asystole. On the other hand, increased acetylcholine activity resulting 
from acetylcholinesterase inhibition, the prevention of electromechanical escape 
from asystole by beta-adrenergic receptor and calcium channel blockade, and the 
application of s.multaneous vagal stimulation produces a marked potent.ation of 
vagal-induccd asystole, and a means of achieving Controlled Intermittent 
Asystole (CIA). CIA can. therefore, be reproducibly achieved for prolonged 
penods. or for multiple shorter sequential intervals selected as appropriate for the 
construction of coronary anastomoses, or other medical or surgical purposes. 

h has unexpectedly been found that stimulation of the right vagus 
nerve combined with administration of the preferred pharmacological 
composition results in prolonged asystole. While electrical stimulation of the 
right vagus nerve is preferred, electrostimulation may also he effectively applied 
,o the left vagus nerve or to both nerves simultaneously or sequentially. The site 
of nerve stimulation can be. but not necessarily, in the neck. 

The preferred indirect method and site of stimulation of the vagus 
nerve is by means of a percutaneous catheter or electrode probe implanted in the 
> internal jugular vein, trachea, esophagus, or a combination thereof. Other 
preferred locations for vagus nerve stimulation include, but are not limited to. of 
the right or left vagus nerve or both. The nerve may be stimulated by un.polar 
excitation, wherein the ground electrode is located at the skin surface, or by 
direct or ind.recl b,polar excitation. An internal jugular vein stimulating electrode 
5 device can be introduced through the sternotomy via the right atrium, the right 
atrial appendage, the infer.or vena cava or the superior vena cava. It can be 
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associaKd wi.h , flow-.hrough cannula, for .!« purpose of adminisu*,...,; (lu.ds 
o, drugs A s.imu.aring electrode may also be placed in direct co«ac, w.,h ,he 
vagus nerve by moracoscopy. <h„raco.omy or stemommy and dunng .he course 
of open ches, .horacic surgery. The presen. invemion comcmpla.es ,hc use of 
any of .he presen.ly described devices with ,he mChods for achieving controlled 
intermittent asys.o.e. mc.udmg the use of pharmaceutical composit.ons for 

achieving ihc same. 

The present .nvention contemplates implantable ca.hc.crs havrng a 
plurality of decodes. An e.ectric pu.se can be sen. to a single electrode or .0 a. 
,eas, .wo electrodes randomly or non-random.y selected, eimer manually or 
electrically, by an .merroga.or device. The in.enoga.or device will meaaure 
cardiac ou.pu, and de.ermine cardiac activity as a func.ion of d,e elecrode or 
electrode* used. A plurality of electrodes on an imrav.scu.ar ca.heter will allow 
,hc surgeon .0 determine which electrode or electrodes simulate U.e vagus nerve 
to achieve maximum suppression of cardiac activity. 

Wh.le the optimal number of wires can vary dependmg upon the 
circumstances, four, eight o, twelve wires per basket provide symmetry. Each 
wire .s an ^dependent elecuode. elec.rically exposed only on i.s outer scmce a. 
the point where it makes comae. wi.h the wall of the internal jugular ve.n. 
trachea, or esophagus. The electrodes may be self-expanding or retrac.ab.c as a 
group when die device is deployed. 

The vagus nerve can be s.imulaled in a unipolar or b.polar 
fashion An array of decodes in the form of a basket, balloon or umbrella 
device can be used .o srimulate .he vagus nerve between a chosen elecuode nb 
i and a separate ground, or be.wccn «wo chosen electrode ribs on .he same dev.ee. 
This applies .he baske.. balloon or umbrella devices, whether wi,h smps of fo.l. 
wires o. umbrella op decodes, and regardless of wherher the strip or w.re 
Cecrodes are onen.ed longirndtnaMy. uansverse.y or spirally. For umpola, 
exciuuon. .he ground can be an adhes.ve pad f.xed .o .he patios skrn. Cher 
0 overlaying the vagus nerve or placed elsewhere. 

TTre vagus nerve may be mos. effectively and easily s„mula.ed 
with a single baske. or balloon or s.eerab.e w.re dev K e in *e internal jugular 
vein esophagus o, .rachca. Alternatively, o bipolar electric Held may be used 
tha, is preferably, bu, no. hmi^d .o. between electrodes on individual devices » 
1S separate ana.omica. s,ruc,ure, For example, a balloon, baske, or umbrella 
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catheter may be in the interna! jugular veil 
balloon. baskc. or umbKlU in .he uachco, in, he esop^gus. 

Endotracheal and endoesopbage.l balloon*, umbrellas or basket 

decodes can be fu,ed on srandard endo.rachea, or „^ 6 asrnc u^bes and 

Luic tubes In .be balloon deV.cc. Cec.rica.ly conducive decodes can be 

"To, ,he ana.om,ca, fea,u,c in which ,he decode device ,s 

X .ongi.udin.1 or c.rcmfcrenua. embodiment eleCricaHy ac„ve srnps can 

Z —us or in.cnup.ed. .n .he case of in,crrup,eo ,ri P s. each segmcn, of 

Bach .ndependcn. decode .s an opuon recognized by a logic an, comrc. 
software of a mu.t.-channe. con.ro. bo, device. In 0,e case of ca.he.en bcanng 
bask*, or umbrd.a decode,, .wo decodes ou ca.he.en ,n d.sunc, 
5 » lie,, s^.u.s can be inflated or deployed adjacent .o each other. This 
5 ■ " n.^1 gen., pUce .he vagus nerve be.ween - elecode stnps. and 
cap.anng «ne vagus nerve «.**e smal.es. pos S1 b.eeffec..vevohage 

The optimum e.ecmc l.e.d ma, be between two elecncal.y 
Ndependcn. strips of a smglc catheter dev.ee in a s,ng.e ~ « Hn 
20 as. Z no, limi.ed .o. me interna, jugular vctn. A.,mat.ve. y . **£ZZ 
indtvidua. patient variably, i. may be ma. opt.ma. pac.ng .s achteved b«««en 
trips on two differ, ca.he.er dev.ee*. each in a differen, anatomtca. suocu*. 
Z pTild locat.ons for .he elecrodes would .nch.de. bu. .s no. Hnoted to. *e 
Car ve,n and esophagus, jugu.a, vein and .rachea or .he 
IS ,La lneachof.heaeembodimen.s.Oreca.he.eraev,cesareprefen.b.y 

r^ned by ,e surgeon fo.lo.ing — H".^ 

^"^T^teLrrode can be app.ied dirccy , a surgie.H, 
closed vagus nerve. Thoroscopy. .ho,aco.omy. or sternotomy can access .he 
„re i.self The present inven.ion provides e.ec.rode device* .ha. may be 
r.l a Ld.o P ,e vagus nee wi.h grcady reduced mechanical amage to 
L „1. .issue. T,.s represent a significant advantage - ^« 
3S the decode and .herefure repeated Camping .0 .he nerve may be necessary 
determine ,he opumum .ocation for dearie*, inducion of asys.ole. 
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Direct placemen, of a* electro^ onto a vagus nerve £» . be r by ■ 

cliP _ - — p - - cec^c . . - — 

pL„y envelopes the nerve. T^caf.^co^^^^ ^ 
or the »« k»< Cecuodc th» » held .gams, the nerve by 
Strode, « comprised of materia, .ha. is compress.b.c or otherw.se 

-^^1^ <> f adhesive erodes can 

or hub. A single selected electrode f.om an «. <* ■* ^ 

Mim u,arion. AHcrnarive.y. *,y ma, be eleclrodc 

strode combines, or in fof „ ipolar 

positioned in .he internal jugular ve.n. trachea P 

stimulation. ;„,roHucc an electrode lo u 

The methods of the present .nvenuon .ntroduce an 

nr ~ r» "i - «- — — - 1 

clcctnc pulse lo the nerve, mc PH electrodes. The 

acermtne .he prefer^ ^ M * 

method of .he present invenuon w... ^'°°^^ lmm ^oW. 
„ phanoaceutica, composition .h« w™ ^ nMrt wilI re .„te. 

This win relieve .he surgeon of concern that the qu ^ ^ 

hrachycardi. or foil bea. while in the mtdst of a surgtcal P««*« 

The present invention is further jllusiraiea »y 

the scope .hereof. On the contrary. .« » » be cl«rty »n Otereof. 
bc hi d to various other embodiments ^'^^^ le lhose 
which, after reading *e descnpt.on jnve0Iion . 
stu |led in the an without departing from the spm. of the present 
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Vagal Nerve Stimulator Apparatus. 
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(oglc aod control software ,0 io.cnog.tc the ~ „ evice iec e.ves 

£ vagus - -W-V - '» W ^ de r 2 0 opcnWy connect ,o a 
continuous input from . — T^nSHi Jo sample 
patient by a connection means The dev c ^ 
Liac response resuhing from an I elec0ode pair 3. 

30 or electrode pai, 31 and thereby ^.Cc. Thus. 

*a, are the most effeetive in ^uc.g C— .n, of phy$icallv 

0 *c surgeon and anes.hesio.og.s, can be r hevedo ^ 

Tbc mulii-channel inlerTogator o v Q f electrodes as a 

sele ct S the most appropnate electrode - * ^ J d conlro , software. 

f un c,ionof Ore cardiac oon»«. response- ****** ' , vai ,. ble el ecUooe 

l5 „, is ----- ;;ir:re- - - ~ «» 

combinations, U rs .mporUo. that th.s ^ ^fee, have a 

selectively function in a manual mode. W ^e stimulation 

dls p.ay. a p,ura.ity of — can independently -ess «. 

switch, and a vag-s nerve desomu.at.on sw.^ ^ J0 „ 

20 various decodes electrically connected to . 

Cectrode —on 3, ^ * ^ ^ — fcrthe, composes a pu.se 
^ >PP> reraS ° f tV^GRASS™ nerve stimuU.or units. Such 
*~ - - * '^ Jun^LreguU-edpowe. snurc such 

an electrosrimula.or .ncludes. but • no. M ^rve desnmulahon 

2i „ , banc* and regulator. ~ ^ „ |imef CcuUs 

timer cimuit, and a power •^*«** ^ to one ofs k,l. in the art 
andpowc. ao.p.ir.encanbech- ^ ^ ^ § ^ — of 
The apparatus of the presen rf 
u mpo,a, or bipo.a, outputs 4, Tne .^^^i can be varied 
w impulse to be con^d by. - ~T about 
cither manually or automafcally. Ava tao range from about 

, H* and abou, 500 H, Preferred P~^ ^ „.„ ^ u about 50 
0., vol. to abou. 100 volts, with amperage of from 

mA. invc „uon further comprises a catdiac 

^cappararuso *. ^esenn ^ ^ p , cet . l0 . p8tief> , 

pacer dev.ee 60 for pacmg the heart ou 
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M 1„ a preferred embodiment the cardiac pace, 60 is 
connect mean* . r * „ d as$ocialcd software so 

electrically connected <o .he \opc stimu |a.ion. 
0* i, is in.cpa.cd with *c pulse genera.o, * ^ t0 Ae cardiac 

The vagal nerve stimulato, ou.p». can * * 
p8 cemahc, whtch can have p— * ^ vaga, 

stimulator output .s on . The sottwa docs no, 

stimulator can automatic,.., ^ ^ „ of vaga. nerve 

, clcctroslimuUUon. ims iccu 

asS cn,b«y 50 has a normally open heart s ^ .«* or 

, 5 aesomul^n foot switch tha, can be used « » >« ^ ^ ^ 

tao d-opcra,cdsw..ches. The proven of ^ ^ dcstinmlation 

— .ocoono, ptoccdures. This a.so 

occur while lcav.og .he hands free to P |hc ^g or 

— rtrri"5ss — — 

20 switches is aveded The tool p 

_ to an decrronic <^^J££^ surgery, * Coo, 
Dimng open chest surgery or quired. The 

swi ,ch is pressed to select.vely **m E£ The,, fo, a 

h e.rr may he stimulated "£^JZ£ M ~*--»* 
2S pr cde.ennined time to perm., blood flow tooug ^ ^ ^ (q 

Ccc.ros.imu.ateo via <he vagus nerve fo, asys fo0( pedaI 

continue sti.cb.og. An " i-— 

assemhl.es SO would be to provdc , smg.e_ foot sw. u i$ also 

ocrwecn stimulation and destimulat.on each <une * sw, dcvice 
30 con.emp.a.ed .ha. au.oma.ic s„mu.auon by means of 

could be ptovidedafter a preset ume penod ^ vo , c c.ac.iva.ed 
ln ye , anothe, ' av>illblc ^cc-tccogmtion 

switch can he used tha. incorporates — ^ nc(VC sumul .,0, on 

.oftware in.o a verba, control mecham - such tha. whenever 
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3v3Uab.e device mey «o».d be cus.om.ed and 

tone* .ppucionofproduegconuoned mtcrmmen. ssysto.e. 

— . . electric fields to pass through the two v-au 
rfecmc current and efcern fie P ,„ ^ 

jugui 3r veu, .0 m mJ can a dded ,o 3ny .ntr»v3sc U ,ar 

.menu.! jugular ve.n. The clec.rodc mem ^ ^ 

ca.he.er device known .0 one of *» . *«^£^ lMa pMal 
Swan Cana c3.he.er. .he Up of ~h,ch wou.d . 4m ^ * ^ ^ 

s a nd mooring of pulmonary -erv presses Th ^ca wi|h 

one or move intravenous ^^^J^ ^ means 
3 P propna.c immvenousaccc^ hubs The c^«c 

„„ be provided vi, an ea.ema. mu»u<hanne. , ers allow 

T* .^venous ca.he.erscm b. s eerab.e ^ 

,0 precise posi.ioning of an electrode means d~«£ • 

ro i„,mizin g the electric,, energy needed .o ~£ « «*< rf 
Conned .otemm.cn, Asystole. ^ ^vedfrom .he ca,d,ae 

.he V3gu s nerve by de.erm.mng the feedback sign 
output monitor in response to nerve armulauon. 

The oresent invention, as shown in Figures ZA ana .p. 

,n electrode expanding means 3*0. The shaft Ml -y^ ^ 
30 ^.yiog an eieCO pu.se U. ^^^L * . — - 

channel connector means 131 The eleonc P sha0 100 

hub ,3: auacbed .hereon ,0 -m-d *. ^ , 0 , ^ 

m 3y further compnse a handle 101 and can 
JS int r.v.scular ca.he.er can be inserted * ^ ^ valve on ^id 
sutured to a patient's skin near .he sdeof msemon. There 
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shea.h «o »vo.d b.cedi»g. and ,bc e.,h««,r can be ro,...b.e w„h.n he 
IransC u,aneous shea.h .02 Wh,.c no, wish** » ** ** £ 
p" femb.e means of supplying - e.eCica. P»'« .30 » an strode 100 « a 

Although i. is contemplated cha. me dimensions of .he expandable 
Cecuode means 200 wiU be selected as a function of.be b.ood vesse. or, other 
Lrmica. struck receiving the ca,he,cr. and where ,he carder ,s -e«e - 
, he recipient human or animal. .» preferred embodiments of *e c*cuod<. *< 
tag th of *. decode w«. be between abou, I cm and , 5 cm. mo* prefcmMy 
betLo abou, 2 cm and 6 cm. The diameter of .he shaft is prefemb.y berween 
about 0.5 and 5 mm. most preferably 1 mm. 

The preferred length of .be Avascular cathe.er ,S dependent 
u pon tbe pom. of insertion of me catheter into a human Or animal. When .he 
catheter isinserted in the neck, .he .ength of.be shaft .00 ts between about 15 
TZ 30 on. prefcr.b.y berween abou. .5 cm and 25 cm. Ho, subctav.ao 
Irio. of a catheter, the preferred .engm of the shaft .00 is between abou 2 
L and 40 cm. most prefer** berween abou, 25 cm and 35 em. For fen «J 
^on of the Cheter. the prefer, tength of the shaft .00 ts ^ocn ^ 50 
cm ^ abou, . 20 cm. mo, preferably berween abou, 80 cm and about 1 00 cm 
, For atrial insertion, wherein the catheter electrode dev.ee ,s advanced ft m *e 
cdiac atrium into ,he superior vena cava or interna, jugular vetn, the P«*c d 
^ is beacon about 5 cm and abou, 25 cm. mo* preferably between abou, ,0 

^l^Wi-orB^E^, The expanding electrode means 
S J0 0 shown in Figure 2A is selected from a variety of pancrus and shapes m, 
,esemblc, bu, are no, necessan., Hmi.ed ,o. ,he ribs or staves 
shown in Figures 3A-3D. The decode means are e.ecmca.., mdependeo, of 

each otber. ^ ^ <(nbodimcn , of ,be enable electrode means 200 
J0 and the decode expanding means 300 is shown in Figure ^^where^e 

decode means 200 is a bas.ee, ea.hete, electrode w„h a, lea. one xpandab. 

rib "T.. U> a preferred embod.ment, .he expandab.e rib 20. or p.-.«»ofs«* 
■ s L decL.y conducive wires. Thin wires arc preferred w„h 

oLrween about inch and 1/8 inch, most prejerab,y ^£>» '« 
55 ,„<) ./,6 inch, .n another preferred embodiment, .he exp.ndab.e nbs 201 are 

dccmeaftycooducnvesmpsfmmabou, 1/128 inch ,0 abou, ,/4 tnch wtde. mos, 
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preferably from abou. 1/64 inch ,0 IM inch. In ye. ano.her preferred 
IbodimL .He expanse ribs 20, . « no^conducbve «npsw 
dee.rodes dispersed .hereon. In a mos, preferred embodimen, -he c.ec nc.fiy 
^ductive w« o, snip is comprised of a prox,ma, region 20* . ~£ = 
2 03 and a dis*. region 204. wherein me proximal region 102 and me ce«ra 
region 203 fonn a firs, angle and the ceo... regron 203 and Ore d*. regron .4 
form a second angle. Preferably .be firs, and second ang.e, are be^een about, 
and abou. 180°. Mos. preferably, Ac firs, and second angles arc between abou, 

more preferab.y between 2 and aboo. .2 in number. .0 a preferred embod.men,. 
me Jgrh of .he expanded e.ec,rode 200 is be.ween abou. . and aboo. » ~ 
More pmfcrably. me lengu, is between aboo. 2 and abou, 6 - * 
Ok c>«he,er before expansion is the dramCcr of *e catbeer shaft 200 and rs 
mm lo abou. 5 mm. most preferably I mm. 

,„ one embodimen. of me presen. inven.io„. me cen„a. reg.on 203 
is electrically exposed, and me proxima. region 202 and disUU region 204 are 
electrically insulated, lo mis embod.men.. me length of e.ecrt exposed 
clonal region 203 is berweco 0, cm and aboo. .0 cm. mos, prefer,^ b*~ 
, 0 5 and abou, S cm. The means of applying an elecnca. pu.se 130 « 
preferably, bo, no. timited .o. woes Cecbica.ly corrected to me expandable „b 
», Tbe wires ,30 are electrically dependent of one another, and pass Uonugh 
Ore shaft ,00. The wires ,30 and are elecuicHy co.mec.ed to a muln-channe. 
e.ec.ric.1 connection ,31. as shown in F.gure 2A. The elecrode expand.ng 
, ^2 f me prefer embodiment is a rod 300 capable of sfid.ng w.Unn a 
lu men,S0oflsha„,.0. Tbe rod 300 has a dista, end 30, The expandable 
ribs20,arearuched,oAedisuleod30,ofu,erod300. 

ln corner embodiment of the presen, invennon. shown « Frgnre 
,B. ,he expandable r,bs 20, are arcua.e when expanded. In a preferred 
,0 embodimen,. me length of a„ CectticaUy exposed cenna. regron 203 of .he 
expanded arcuate electrode is berween abou, 0., cm and aboo, 2.5 cm. More 
preferably, .he range is between 0.5 cm and 2.0 cm. 

The present inven.ron is in.ended ,o mc.ude other for™ of .he 
expandable decode such as. bu. no. linn.ed ,o. decodes 206 circumferennally 
35 ai^oscd coaxia„y around the rod 300. shown m figure 3C. a hchx as shown -n 
F.gTsD. In the circomfcrcn.U, e.ecbode embod,men, shown m F.gure 3C. 
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Clr£ „mferen.ia..y dispose- Ea* ~* ^ clccmcaI 
coru.ec.ed «o an **to p»1se applymg means 

connection 131. « *»•» » bc deployed, once Ore 

^ TT.ZZ* P uL by *. smgeon in *e 

carter has been .mplamed m *e blood e , 0 0 relanve ,o 

, he dis.a. end 301 of .he ,od 300. Th««£ ^ ^ ^ ^ ,„ oftbe 
m e.ns 200 .ha. -ere deposed aga.ns. *erod ^ ^ ^ ^ ^ ^ tip 

shaft 100. In anoAer embodimen. *e c.<bode ^ embodiroeM . 

30, and .o fte M «d of *. <-^£ of shaft w0 wl „ force *. 

pania. r«rac,ioo of *e rod 300 ~* roeans I0 0 « sncched 

s--— —si's: ^ - »• ° r *< ^ m 

when .he rod 300 is ex.ended re ta^e to ^ ^ ^ 

5 .hereby reducing .he d.»me.er of .he r ^ ^ ^.omical strvctare. 

ca.he.er elee.rode insertion .n.o. or e aod expansion 

A |, e ma,ive means of depioymen. of ^T-*--* « ^ 
hereof a,e con.empla.ed by *c preso- « ^ ^ JM 5(> „,„ . 

ex.endiog Uk rod 300 from '^"'J^me 3D. may expand ou^ards. 
J0 he.ica.e.ecn^n^nsZOO.sochas^-nF^ device 

ln ye. aomher embod.roen. » , he expanding means 

is a shape memory imp.an.ed ,n .he eo ^ectcd and implant 

CecuodeiO.. ^e^^^^l**^*"""* 0 * 
of .kill in .he art. The shape of *c P^™ 3E , ^ 

elecuod. inch*,, bu, is no. «m« ». anH* r ^P ^ ^ fc 
ribs, a helix or any omer shape ma w.1 p~v.* - ^ ^ any olbcr 

came*, decode 10, and d>« ^ spontto cous.y when *e 
30 ana.om.ca, s^rurc. The elecrodc *-J- £ ^ A stape 

— -—-J t^ri^ means ». as shaft re.racH.n 
100 by presetting the lengm o 

OCCUTS ^ An clcctfode expansion means of the 
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„f the catheter device m any fashion mat in 

■**- - r e ,on8 f zz r— or » y ^ ^ «. 

longitudinal. crcumferenual, bene* ^ wal , 

provide e.ectrica. contact between the ca* ^ elcctrically 

P of . Mood vesse, o, any otber —"^^e^t-odes ^ibed in 0) 
0 iso.atcd .on, each other. A. -h ^ hu0 0 f the catheter. 
ab ove. .be erodes arc ^ toskel arra y. with tbc 

Wire Cecums may be ' ^^L region of *e wire, .gains. 0. 

kn own toooeofstinin.hc.r, such as.b. no. — ^ 
or .onomer .ha, is 

ball oo 0 400 may be composed of a rf ^ „ can 
20 M * £3 e 2 "n onT—ent, .be baUoon 400 

fu „c,on as an e*pa»dab e£ ^ , 

comprises a flex.ble roetall.c fo.l w.«n muUip , e 

pta „B., of insuring .ayers hereby form ^ ,07. 

Ltrodes eUctncaUy connected .0 strips of metaUic 

means of applying an c.ectnc pulse 207 i nClU ding, but noi 

InCoding. bo. no, limited «o. an oval, a cy.mder. or any 

° f — ' may be of any ,en,b 

„ tba , win es,ab,,h comae, between .He baUoon „„ 
ana ,omi«. struck. Preferab.y. .be d.mens.oos of the exp 
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wi „ be such .ha, «he bafloon 400 canno, cause physica. .rauma ,o said .««. 

, ,bou, 2 cm 5timuli , on „ f lht vaeus wnh an *~* 

m oun,ed on a bafloon. a deflvery ea.heu, may be nscd «-« ^ 
Les.ra.ed proa,™,, and dis»»y -0 * ^^ST 
obstruction of Wood flow. The bal.oon exp.ns.on means of *e pre* : 

0 offers the addition., advantage *c bal.oon may have a P~*>«"< 

Lorporating a. .east one. or a p-urabry of. grooves, oo.ches, ««- S ^ « 
t JTs „, any o.he. form. Such indentations o, u.versmg means o 
in^aflow onobs.me.ed b.ood flow wht.c = — 
between the expandab.e c.ectrode and .he m.enor w.„ of . e bta- « 

,5 Preferably me ridges number between I and 20. more prefenbly 1 and 12. and 

" : ;;;"Lb ly L«« , - . m number, -en me ba,^ 
rid6 es. and .he ^^^^ 

electrodes are disposed on sa.d ndges. Wmle tne prescn 

Ln , ,o abou, .0 c.ectrodcs on , ridge, the preferred munber .» from . . o 5, 
20 ZLus .o iofla.e a bafloon may be wHhin a cadger or nrbe or deposed on 
i ex.erior surface of said ea.he.er or .ube. and eonneced ,o a means » 
produce a gas or .Hprid » inflate .he bafloon once me surgeon has p.aced me 
balloon electrode adjacent to a target nerve. 

,n one cmbodtmen, of me preseo. inven.ioo. shown m F.gmx 4A. 

3„„.y,ng mcarK 207. .n ye, another cmbodimen,. shown m Ftgurc ^4C he 
30 HI 2.8 is hebcafly arranged coaxia„y ,o .he inflate bafloon 40 and he 

1„ a preferred embodiment of the present mvenuon as shown m 
Figure 4D and in cross-section Figure 4E. me bafloon 400 inc.udes aT leas, one 
led rib 4.,, with an expand.*, eiectrode 20. exposed .hereon, and we. 
JS Z expanded bafloon is non-obsuuoive ,o me Wood flow. The presen «~ 
contemplates ma, .be infla,,b.e bafloon may have a ■*»** of ra.sed nbs w,,h 

20 
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NWW.« ta - fa *'' ^Tn^e'came*. bal.oon e.ecrode 
In yet another embodiment of the camcic 

^ice. the - J* — • means » - a — ■ ^ 
fo, d* pani-Uy. substantia,* or comp,e.e> covers 0. : urfac^ 
400 The prcscn, invention further ~U.es MMte ^ 
means Ml may be any other flexible conducive ma.e«a, 

— ^lT,SSS^r- *e catheter bafloon dr.ce.he 
e,pandab,e Ceebl means ,0. .ay be ^ - • £ . — * - 
prelemb.y , to 24 in nu.be. The erodes « ^ a^J> ^ 

..c .h. electrode 201 or plurality of electrodes aie 
balloon, shown in F.gure 4F. «be elec.rode P ^ 

, ra ched * die bafloon so thai when the bafloon is 

fixed to the inn,.ab.e ba.U,on 400 b», he,d m > * ^ B(Uched 

, means of a, ta* one connecting, non-elecmca.ly conductive yoke 

l,e„a electrode mean, as shown 
^breUa elecuode means comprises a, leas, o^ -J^J - a spo.ee 
a cxpandabh: e.ectrode means, where* each e ecttode tQ 
601 and elecnically connected .o a means of debvenng a. , decmc p 
the Cecbode 600. and wbe-in said means ^ K 
O00 o>sy be. b», no, nec«sari,y. disposer, ■ -^^.^i. orln- 
601. The spoke, 601 are composed of any * 
30 conductive materia, known m one of sk.l, in ,he * The « ^ 

arc „o. Umi.ed .0. wires, smps or any o.her surtabte fonn known 
U« art. When e.e^cally conductive, the spoke ^ ^^^ 
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ro£anS v AO,. ttaehed thereto. -n-c SP ok=s601 
a p , ura U,y of rad,a..y d, s posab.e spokes 60. conuc , ^ ^ 

W c ab.e .o move radially »™,y from the „ E .d rod and there y 

1S attached to each spoke 601. ^ ^brella electrode device. 

20 „ vc „ay S the ~,rcs or scrips » on» a^o ec, e ^ 

When the surgeon has , dcctrodcs 600 

ner ve the tod 300 is extended to remove the spokes 60 , , ht 

. , <n of the shaft 1 00 compnsine the protective sn ^ 
from the lumen ISO ol toe sna ^ spokes fi01 

J.^fmeb.o.xlvcsse.oroU.eraoatomtca.suoctu.e. 
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strode means conn««* o P" * •> > of ^ vagus 

dil ec, comae, «Hh ft. ex.«nor surface of 0* « ^ , ^ 

nerve can be achreved by duec, access .o *c ^ v8gus 

iocision « via ftor^coscopy. - lcvel of » 

nerve can be approached ...end « d. penc.rd.^ »d ^ ^ ^ 

rieh , innomina.e ar^ ,o avoid 0* n*. «n- „ 
accompUshed thoracoscoPKaUy wthou, «hc nccessrry 

I neck incision. decirodc means, shown in 

The p.esen. invenfon prov.des chp eleeir 

Jnpnsmg a firs, Occupy ™ tTe -mbe ™ » fon " 

pivo , .cans 70. » a second ^J^££ ^e,«y «— 
„ conftonnng yaws. In one embod.men,. an e is 41lached l0 

t0 . .neans for apP-ymg an e.ec.nc pu.se 04 .0 £ e^ ^ ^ 

lhe fml elecuicaHy non.onducuve ^ 

el ec,rodes being compress.b.c >noflier embodimeM of Ore dip 

nerve tissue, as showr. ,n F.gure 6A. In yc. ^ 70S 

..ecrrode. a, M one CecHcaHy ™^ anCrode. 

- — ^rssrrs:^ -—nr. 

bul 1S JS .o. a concave f orm » = ™ 

*,ire. a sirip. a wire mesh or w.rc wool 7 cmbo d.ment. 

opposing grooves arc .n each non 7M ^ ao 

cmb od,menrs. ,c preferred mean, "J^Z^^m. 
— •""L 1 * * -rode bas ar .eas, « 

Each elecuodc 703 can be mdependendy clcc 
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- ,he r rir: r ;;;rr::: ,» z> «. - - - 

ln one embodiment, the cuff dcv.ee ««* ^ ^ , A in 

capah.e of conforming «o the surface of the ~rve « ^ ^ 

p^..», or comply envelop a - ,n ei.be, 

. means 80* . ^^"X^t^c, JT - neve , «M 
embodiment. «he surface elec(Jodc i$ , bul not necessarily. 

. zs^r s» — - — — 

structures. ,,....« H,vice as shown in Figures 7B 

,„ another cmbodtmen. of the cuff device, as 

.. ,„ ,lfdricalW nonconduclive member HUJ na 6 
,„d 7C. the cuff dev.ee has an e.ectnca. y of appl¥ ,„g an 

, ra ve Ri n e channe,804anda, 1 easto^™de^ ^ ^ 

, e.ecttic pu.se SOZ ^ «* ™ ^ ^^t. 
embod.ment.u.eCectrode ■». 

(he e.ecuode 805 .s a - J^^f^ has . firs , eh*,^ 806 and a 
such as shown m Ftgure 7D. the e)ecuically , s olated from each 

r • ■ — " 

applying an electric pulse 802 

supported by a non-eonducuve supper m^ > - ^ ^ ^ s<> ^ ^ 
T,. pad o be adhesive and can be app. d ^ *e ,l«trkal 
- of e.ecbodes * ^ ~ ^ L-*- — * 
^etivUy between included . T,e cutaneous *—c «T 

krown to one of skill in ncfVC . When 
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or My other « -evice .o secure - H .o - - - - 

the neck region of the pal. tnu 

aaja «n, ,0 .he nerv< «o be t A- J ^ 

MM electrode of *e ^ ^ clti c pulse is applied to the 

Ccc.ro* is grounded. AUern,..ve.y^e ^ u 
im pu n ud»^«.e.ec«^.»done«mo«of^ rray ^ ^ 

The transcutaneous electrode array P hertin 

the anode end ca.bode electrodes are s lee. ^ Rogatory on., 

Connect lo the vagus nerve ele c,rodes ,o achieve 

.herein to se.ec.ive,, ^t^J*-* - «** — ^ 
maximum s.imnUt.oo of me urge. v such as shown ,n 

p,esen, invention a.so provides an elecuo* army ^ # ^ ^ 

Figures gA-C for delivering an ^ ondllctive supp0 „ ,00 

lle£tro de array - J-^ ^ „, m , M 
having » plurality of decodes W, connected .o a means of 

i5 o.a.ed from each other. Each elec.rode 901 - ^ ^ ^ 

. su P p.ying an electric pulse 90,. — - ~ ^ „ds to a mu.-i- 

ploral.ry of wires "^J^^^™"^ 
channel connector 90J. The elechrc. y Qf , £y|indeI , aod may be 

is no , l,m,..d to, a shee, a pad, . block s brMO stri p. circular 

any geometric form such as. but no. only, squ 

31 or ovoid disc. ^: m .„. as shown in Figure 8 A, the 

, B one preferred embod.ment. as sho ^ 
^ ooft i< a sheet and uie array «• 
electrically oon-eonduove suppo« 900 ,s » ^ connecle<J to . 

.« exposed on one herein said means 903 is a wire and 

means of supplying an electnc pu Ise 90 ^ w , „,„,„. 

channel connector 903. In anomer preferred en pu(se ^ 

device of .be present inven.,00. the means of app y 8 ^ 

shown in ^- B F - ^ m^sTf — -.on 90S connects the 
embodiment, as ,n F.gure 8C. me , y n0D . condu ct,ve 

M traversing ho.e 904 to the outer edge 906 ° f * , , imlted t0 a s.,,, a slot, o, 
support 900. This connect means may be. but 



-28- 



WO 01/002^3 



pCTAJSOO/ITttl 



10 



15 



. cbanne,. Tbe m «ns 90S - — , Ho, 904 «. in*nded 

, ua »owe^y placemen. «f »n electrode on a pauenVs 

,„ an o,he, p.e.e^ed cnbod men, ^ 
e—y non-cooducwe SU ppon 900 ,s » . ^ 

cm b<*l,mcnu a S shown .n F.gure 8E, ibe cUctnca y 0D 

mjy . in a U o f ,h,pe, ~»^~ZZZZ 

,0. V.lcro. *raps or buckles, ha. tUm idts tha, an 

seC(1I c« .0 a bu-nan or A ^7^ eroWimcnB show D .ong S8 A- 

srs x rrri™ - - — - ■ — - 

— • In a„ cnbod^s o f » 1— ^ be^ 

, an.ieipa^tha.-K^o^^^^rJ.bou.Scn,. - 
abou, I Sen, and about .0 CO, preferably between abou^ »^ 
, s aD , i c,pa,e d ft. die fcngft of «he „on-condue tl ve .upp.r, »W ^ 

abou, > onandabou, ,0 «, ^^T^ZZi** sunpon 
the case of the necklace configuration, tins leng 

that the depth 

<,ec,rode. The electrode array dev.ee of .be presen. ^ 
opUona. *cM conducive gc, Uyer an » * J 
a Livc .ayer .0 increase ftc efficiency of e.ecmca. ccnuc. 
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. Th . orC scni invention 
^aCeai and Nasogastric Tube ftc~ft *J» > ^ 

as Scribed .hove, coined w„h " „ esoph . 8 ea. ,ube 

.cmiUtion M f — — ^1 of .he -i— • «— " 

wed fo. 6»stric decomp.ess.on Wh,kl ^ ^ „ asogiSln c 

ju go,ar vein a oatheter :rr - - „ , cnglb of 

p am„e, ,o. and is intimately *. 6 ^ ^ fc in 

, he vein in the necK of humans. ^ ^ ^« «- — - 

close proximity .o the vagus nerve m human for s , imul aung 

-^J su.tcd .0, *c — of o, ^e ^ , here , no 

lb e vagus nerve. By *cess,ng .he ,«* scular ca(beIe , or direct 

ahemarive and less invasive routts. cndotrB chea. or 

Tbe present invention further prov - g ^ 

n asogas, r ,c tube c.ectrode ^ ^ , L b , eo.Ur ,««> 
endmrachca, « nasogastnc .000 ha~ng ^ ^ ^ ^ 

m ay he. bu, , no, limit- ,o. a 1003 „ s a,d collar ,00, 

col ,ar ,00,. a. leas, one expandable electrode „ M is inflated 

Tne elecrode means ,003 is so ^ * £ ^ „ ^ ^ The 
tb celec.,odc -7^ ;^;^ ,o a means of supp.ymg an 
electrode means ,003 « eiec , s 10 OS 

elecrric pulse ,00, and a ™><^"~' '^^flu-d not he construed as 
The electrode exp.ns.on means 1UV . (es usl0g a 

only an inOatah, collar. ^"T^ ^ P^-cs a 
^ooo.umb.el.a. barrel «— ^ J*^, «. ^ — - h 
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composed of aa electncaHy «"*»^ ^ ^ fom , kno „ n u, one 
,008 are. b». no, .imited .0. ~ m *°^ < 2 kes l00 g « coated with 

- == - ~ - - - ■ 

spokes 1008 .re able «o move «d»«y away from «b« ng.d 

• h 000 is connected ,o .he plurality of radiaUy deposed spokes 
nasogastric tube 1000 .s connecleo K paling meaos comprises a 

' eodorr^Jr^^^ 

auacbed to the electrodes 1007 may also be attached to the 

A ,iv collar 101 1 relative to the tube WW 

and used to retract or extend the collar 101 1 „„, „ nasogastric 

When the surgeon hat , mserted ^ <^ col.ar .011 is 
lube . 000 in .he trachea adiacen, U, the vag~ *£Za* away ^ the 

posiuoned relative to the tube .000 so * rt ^° c ^;^ Uie L, of Ute 
le .000. and the electrodes 1007 make clcctnca. contact w,m 

mutable col.ar may be inflated by the infUhon means 1002 
35 a liquid. 
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The present invention also provides an endotracheal or nasogastric 
tube 1000. as shown in Figure 9C This embodiment provides for expandable or 
rigid electrodes which arc substantially embedded within the rube maicnal to 
avoid living tissue irritation. The electrode means comprises at least one, and 
5 preferably a plurality of, electrodes 1003. each electrode 1003 electrically 
connected io a means of supplying an electric pulse 1009 to the electrodes 1003. 
wherein the electrodes 1003 are exposed to the exterior surface of the rube 1000 
adjacent the distal end of said rube 1000. and wherein said means 1009 comprises 
wires. The electrode means are electrically independent of each other. 
, 0 A preferred embodiment of the expandable electrode means and 

the electrode expanding means wherein the electrode means is a basket catheter 
electrode with at least one expandable rib. In a preferred embodiment, the 
expandable rib or plurality of sucb ribs are electrically conductive waes. Thin 
wires are preferred with a thickness of berween about 1/128 inch and 1/8 inch, 
l5 most preferably between about 1/64 and 1/16 inch. In another preferred 
embodiment, the expandable nbs arc electrically conductive strips from about 
1/128 inch to about 1/4 incb wide, most preferably from about 1/64 inch to about 
1/4 inch In yet another preferred embodiment the expandable ribs are 
electrically non-conductive strips with electrodes dispersed thereon. In a most 
20 preferred embodiment, the electrically conductive wire or strip is comprised of a 
proximal region, a central region and a distal region, wherein the proximal region 
and the central region form a first angle and the central region and the distal 
region form a second angle Preferably the first and second angles are between 
about I- and about 180'. Most preferably, the fust and second angles are 
25 between about 90* and about 1 20°. 

Preferably, the ribs are between 1 and about 48 in number, more 
preferably between 2 and about 12 in number. In a preferred embodiment, the 
length of the expanded electrode is between about 1 and about 15 cm. More 
preferably, the length is between about 2 and about 6 cm. The diameter nf the 
30 catheter before expansion is the diameter of the catheter shaft and is 0.5 mm to 
about 3 mm, most preferably I mm. 

In one embodiment of the present invention, the central region is 
electrically exposed, and the proximal region and distal region are electrically 
insulated In this embodiment, the length of electrically exposed central region is 
35 between 0 1 cm and about 10 cm. most preferably between 0.5 and about 5 cm. 
The means of applying an electrical pulse arc preferably, but not limited to. wires 
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electrically connected to the expandable ribs. The wires are electrically 
independent of one another, and pass through the shaft. The wires and are 
electrically connected to a multi-channel electrical connection. 

S Method of inducing asystole by vagal electro-stimulation and CIA 
pharmaceutical composition treatment 

The present invention provides a method for the inductioo of 
cardiac asystole by the application of an electric jwlse or field to the vagus nerve. 
The CIA pharmaceutical composition provides a background pharmaceutical 
10 state wherein the impact of vagal nerve stimulation is potentiated and heart will 
not spontaneously escape from the electrically induced asystole. Throughout 
subsequent cardiac surgery, the surgeon monitors the heart function and can 
selectively reinitiate the heart beat by means of a cardiac pacer device, slaved to 
the vagal nerve stimulator. This can also be performed automatically if the heart 
1 5 beat fails to resume within a preset time period 

The present invention, therefore, provides a method of inducing 
and prolonging asystole by implanting a catheter or tube expanding electrode into 
a blood vessel, trachea, or esophagus of a human or animal or by applying a 
cutaneous electrode. The electrodes arc positioned adjacent to the vagus nerve 
20 by the surgeon, and said electrodes are connected to the vagus nerve stimulator 
by means of multi-channel connectors and an output. At least one output from 
the stimulator is used, preferably two outputs, each connected to a separate 
elecrrode device. 

The surgeon adjusts the vagal nerve stimulator to deliver a first 
25 unipolar or multipolar electric pulse to an implanted cutaneous electrode and the 
output of the heart is monitored by the microprocessor. Random selection of 
electrodes is then followed by additional pulses until a maximum state of asystole 
is achieved. The CIA pharmaceutic composition that comprises an 
acetylcholinesterase inhibitor, a fl-adrenogenic receptor blocker and a calcium 
30 channel blocker, is administered before or after the initial testing. An electric 
pulse of optimum amplitude and frequency is applied to the previously selected 
electrode combination and controlled intermittent asystole, with minimal or no 
escape, results. Once the surgical procedure is completed, or predetermined 
point selected by the surgeon or preselected automatically by the vagus nerve 
35 stimulator, the heart is removed from asystole by a cardiac pacer means operated 
by the surgeon or by the vagus nerve stimulator. 
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The above description provides certain preferred embodiments of 
the devices and methods of the present invention. However, it is understood that 
many modifications and additional embodiments can be routinely made in view 
of the disclosure, and all soch embodiments are intended to be encompassed 
within the spirit of the invention. 
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THE CLAIMS DEFfNING THE INVENTION ARE AS FOLLOWS:- 

1. A catheter device for delivering an electric pulse to a nerve, comprising a distal 
region and a proximal region, said distal region having a plurality of electrically 
independent expandable electrodes and an electrode expanding means, said proximal 

5 region having an electrical connecting means for applying an electric pulse to the 
expandable electrodes. 

2. The catheter device of claim 1, wherein the expandable electrodes arc 
longitudinally arranged. 

3. The catheter device of claim I. wherein the expandable electrodes are 
10 circumferenti ally arranged. 

4. The catheter device of claim 1, wherein the expandable electrodes are spirally 

arranged. 

5. The catheter device of any one of claims 1 to 4, having from 2-24 electrodes. 

6. The catheter device of any one of the preceding claims, wherein each 
15 expandable electrode is an electrode selected from the group consisting of a wire, a 

basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

7. The catheter device of any one of the preceding claims, wherein each 
expandable electrode comprises a proximal region, a central region and a distal region, 

20 and wherein when each electrode is expanded the proximal region and the central 
region form a first angle between about 1° and 180°. and the central region and the 
distal region form a second angle of between about 1° and 180°. 

8. The catheter of claim 7, wherein the first and second angles are between 90° and 
180°. 

25 9. The catheter device of claim 7 or 8, wherein each expandable electrode, when 
expanded, has a total length of between 1 .0 and 1 5 cm. 

10. The catheter device of claim 7, 8 or 9, wherein the central region is between 
about 0. 1 and 1 0 cm. 

11. The catheter device of any one of the preceding claims, wherein the catheter has 
30 a lumen, and the electrode expanding means comprises a rod disposed within said 

lumen, and wherein the rod has a distal end connected to the expandable electrodes so 
that the catheter forms a sheath over the expandable electrodes and the rod. 

12. The catheter device of any one of claims I to 10, wherein the electrode 
expanding means comprises an inflatable balloon. 

35 13. The catheter device of any one of claims I to 10, wherein the electrode 
expanding means comprises a metallic shape memory means. 
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14. The catheter device of any one of claims 1 to 6, wherein each expandable 
electrode, when expanded is at least one arcuate electrode. 

15. The catheter device of any one of the preceding claims, wherein the proximal 
end of the catheter has a handle and a hub, wherein the hub is connected to the means 
of applying an electric pulse to the expandable electrodes. 

16. The catheter device of claim 12. wherein the balloon has at least one ridge 
thereon to allow the passage of fluid therearound, and wherein at least one expandable 
electrode is attached to said ridge. 

17. An endotracheal tube electrode device comprising an endotracheal tube having 
an inflatable means of expanding an electrode, and a plurality of electrically 
independent electrodes thereon so that each electrode contacts the tracheal wall when 
the means of expanding an electrode is inflated, and wherein the electrodes have means 
for connection to an electrical pulsing means. 

18. The endotracheal tube electrode of claim 17, wherein the inflatable means of 
1 5 expanding an electrode is a collar or balloon. 

1 9. The endotracheal tube electrode of claim 1 8, wherein the balloon has a ridge and 
an electrode on said ridge so that the electrode contacts the tracheal wall when the 
collar is inflated. 

20. An endotracheal tube electrode device comprising an endotracheal tube having a 
20 plurality of electrically independent electrodes thereon, so that each electrode contacts 

the tracheal wall when expanded, and wherein the electrodes have means for 
connection to an electrical pulsing means. 

21. The endotracheal tube electrode of claim 20. wherein the expandable electrodes 
are longitudinally arranged. 

25 22. The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
are circumferenlially arranged. 

23. The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
are spirally arranged. 

24. The endotracheal tube electrode of any one of claims 20 to 23, having from 2 to 
30 1 2 electrodes. 

25. The endotracheal tube electrode of any one of claims 20 to 25, wherein each 
expandable electrode is an electrode selected from the group consisting of a wire, a 
basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

35 26. The endotracheal tube electrode of any one of claims 20 to 25, wherein each 
expandable electrode comprises a proximal region, a central region and a distal region, 
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and wherein when each electrode is expanded the proximal region ami the centra! 
region form a first angle between about I* and 180°, and the central region and the 
distal region form a second angle of between about 1° and 1 80°. 

27. The endotracheal tube electrode of claim 26, wherein the first and second angels 
5 are between about 90* and 1 80°. 

28. A nasogastric tube electrode comprising a nasogastric tube having an inflatable 
means of expanding a plurality of electrically independent expandable electrodes 
attached to an inflatable collar so that when the collar is inflated, the electrodes contact 
an inner surface of an esophagus, and a means of supplying an electric pulse lo the 

1 0 electrodes. 

29. The nasogastric tube of claim 4 1 , wherein the inflatable means of expanding the 
electrodes is a collar or balloon. 

30. The nasogastric tube electrode of claim 41, wherein the inflatable means has a 
ridge and an electrode on said ridge so that the electrode contacts the esophageal inner 

1 5 surface when the collar is inflated. 

31. An nasogastric rube electrode device comprising a nasogastric tube having a 
plurality of electrically independent expandable electrode thereon, so that each 
electrode contacts a pharyngeal, esophageal, or gastric inner surface when the 
electrodes are expanded, and wherein the electrodes have means for connection to an 

20 electrical pulsing means. 

32. The nasogastric tube electrode of claim 31, wherein the expandable electrodes 
are longitudinally arranged. 

33. The nasogastric rube electrode of claim 31, wherein the expandable electrodes 
are circumferentially arranged. 

25 34. The nasogastric tube electrode of claim 31, wherein the expandable electrodes 
are spirally arranged. 

35. The nasogastric tube electrode of any one of claims 31 to 34, having from 2 to 
24 electrodes. 

36 The nasogastric tube electrode of any one of claims 31 to 35, wherein each 
30 expandable electrode is an electrode selected fro the group consisting of a wire, a 
basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

37. The nasogastric rube electrode of any one of claims 3 1 to 36, wherein each 
expandable electrode comprise a proximal region, a central region and a distal region, 
35 and wherein when each electrode is expanded the proximal region and the central 
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region form a first angle between about 1° and 180°, and the central region and the 
distal region form a second angle of between about I* and 180°. 
38 The nasogastric tube electrode of claim 37, wherein the first and second angles 
are between about 90° and 1 80°. 
5 39. A catheter device substantially as any one embodiment herein described with 
reference to the accompanying Figures. 

40. An endotracheal tube electrode substantially as any one embodiment herein 
described with reference to the accompanying Figures. 

41. A nasogastric tube electrode substantially as any one embodiment herein 
10 described with reference to the accompanying Figures. 

Dated this 1 0th day of November 2004 

Emory University 

Patent Attorneys for the Applicant: 

F B RICE & CO 
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